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Abstract

One of the key issues arising from extended smart metering roll-out across Europe is how the data obtained from the meters may
be used to provide end users with important information on energy-saving advice, which is one of the main principles of demand
side management (DSM). The investigation of the potential for demand side management to reduce peak load were evaluated in
this study. One four-person household was surveyed with the aim to find out user activities within the house, in particular, the use
of appliances. Two appliances — a washing machine and dishwasher - were selected for assessing the potential for load shifting.
The derived results show that, as a result of washing machine and dishwasher load shifting, the peak load of a dwelling can be
reduced on average by 24 % and 13.5 %, respectively.
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1. Introduction

Climate and energy targets for 2020, called as “20-20-20”, are focused primarily on improving energy efficiency
at all stages of the energy system. Households represent 25 % of European energy consumption [1]. Promotion of
energy efficiency in the household sector is therefore an important target for policy makers in the EU. Improvement
of energy efficiency in households can be achieved through demand side management (DSM). In the context of a
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smart grid system, Gelazanskas and Gamage gave the following definition: “Demand side management is the
planning, implementation and monitoring of utility activities that are designed to influence customer use of
electricity” [2]. Kostkova et al. highlighted that load curtailments in times of peak demand or to shift loads to times
of low demand are demand side measures which are most widely used [3]. As pointed out in Bergaentzl¢ et al.
study, different DSM tools enable for consumption control to improve energy efficiency and achieve environmental
targets [4]. They highlighted several DSM tools used to enhance system efficiency, such as: 1) information feedback
and 2) dynamic pricing with or without direct load control (for example, time-of-use pricing, critical-peak pricing,
peak-time rebate, real-time pricing and inclining block rate) [4]. Other studies emphasized load scheduling from on
peak to off peak times as an effective tool for consumption reduction with the additional economic and
environmental gains [5, 6] or to achieve financial savings for the customers [7, 8]. Panapakidis et al. indicates that
the wider deployment of smart meters is an important tool that can enhance DSM implementation and reduce
household consumption [9]. They emphasize the main advantage of the smart meters that allow for automatic
collection of in depth information about the customer's behaviour thereby promoting new opportunities for energy
saving and efficient management [9].

Vassileva et al. [10] pointed to demand response (DR) as a key element in the concept of the smart grid. The roll-
out of smart meters in Europe has increased considerably in recent years. While the regulatory framework of smart
metering is still taking shape, up to today 10 % of EU households have smart meters [11]. The recent prognosis
shows that penetration of smart meters in households will increase rapidly in the next years due to binding targets
set in DIRECTIVE 2009/72/EC: 80 % of the EU households should be provided with smart meters by 2020
[11-12]. A crucial argument in the debate around smart metering deployment in the EU is the potential for reduction
and providing additional feedback to households on their energy consumption that will lead to energy savings [13].
Mohassel et al [14] pointed out that providing consumption data for consumer and load limiting for DR purposes are
key features of smart meters.

Demand Side Management initiatives in the Latvian household sector have been studied previously [15—19]. For
the purpose of our study, we analysed four person family households which participated in a smart metering project.
In this study we focus on load shifting modelling to off-peak times for two selected appliances — washing machine
and dishwasher.

2. Methodology
2.1. Household electricity demand model

Time of Use Surveys (TUS) may be used to find out the pattern of household electricity use. The survey makes it
possible to assess how the activities performed in household (i.e., the activities of the occupants) affect residential
electricity use [20—27]. For the various appliances (n) in the household, the aggregate electricity demand can be
modelled over time [28]:

Ly = Yitg ai Py (1

where

L, — household’s power demand, kW;

n — appliances in operation at time t;

P; — the maximum power demand at time t, kW;

a; — the power demand coefficient of the given appliance at a particular time.

2.2. Peak load reduction model

One of the key DR measures is to minimise the magnitude of peak loads. Blumsack and Fernandez [29] pointed
out that smart meters allow for automatically controlled loads with the possibility of shifting peak loads. According
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to Gils [30] the theoretical DR potential in the residential sector through shedding is up to 37 GW. Shiftable loads
are heating, cooling, air conditioning, washing machines, tumble dryers and dishwashers.

Dlamini and Cromieres [31] simulated the load reduction effectiveness by applying algorithms for load moving
from high demand times (i.e. peak times) to low demand times (i.e. off peak times). The results showed that peak
load can be reduced to at least 6 %. They concluded that washing machines, dishwashers, water heaters with storage,
rice cookers, clothes dryer (tumble dryer) and vacuum cleaner were among appliances that can be flexibly moved to
off-peak times [31]. The load shifting algorithm, introduced by Dlamini and Cromieres [31] can be expressed by the
following equation:

Lmax - Lmin >min A it Pi (2)

where

Linax, — the highest L, value among L, to L, (see equation (2));
Linin — the lowest L, value among L, to L;

Aa; P, represents energy consumption changes.

As highlighted by Dlamini and Cromieres [31] load shifting is beneficial when L —Lmin 1s the degree of the
smallest possible adjustment of the given appliance a. The effectiveness of load shifting can be described by the
load-levelling effect (LLE) of appliances use to smoothen the load. Accordingly, the aim of the shifting algorithm is
to test the LLE of flexible loads from peak times to selected shifting period of off-peak times. LLE can be estimated
from the following relationship:

LLE = (Lmax2/ Lmin2) 3)

(Lmax1/Lmin1)

where Lax and Ly, represent the maximum and minimum load values before and after the load levelling
designated by the subscripts 1 and 2, respectively.

The peak load ratio (PLR) can be expressed through the load levelling effect as a measure of use efficiency as
follows:

PLR =Lm_axz (4)

Lmaxl

Peak load limit Ly;,, less than L,,,x; can be requirement at all times:
Yizo @it Py < Lyjm (%)

The peak times at 05:00 to 08:00 and 17:00 to 21:00 were selected for testing the load shifting algorithms, but the
off peak times were selected among 10:00 to 16:00 and 23:00 to 04:00 [31].

In another study Caprino et al. [32] used a technique for the electric load management based on real-time
scheduling for peak levelling. Common household appliances are modeled in terms of timing parameters. The
considered loads are classified as time-triggered (refrigerators, heating, ventilating and air conditioning systems) or
event-triggered by the user (electrical oven, dishwasher, washing machine, etc.). The results showed that peak load
can be reduced up to 46 % preserving the quality of service of each load at the same time. The scheduling of
periodic loads based on small-scale systems has been proposed in [33] where peak demand can be reduced by about
40 % or more. Powells et al. [34] highlighted that laundry and dishwashing loads are quite flexible for shifting, but
cooking and other kitchen appliances — Inelastic. Nevertheless reduction of household peak power demand is largely
dependent on human behaviour [35].
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3. Results

Based on the recently launched smart metering project “Promotion of energy efficiency in households using
smart technologies”, it is possible to monitor household consumption in real time with 5 minute interval recording.
In total, 500 Latvian households have been equipped with smart meters at the beginning of 2013. For the purpose of
our study we analysed one particular 4-person household (2 adults, 2 children) enrolled in the pilot project. Highly
detailed hourly consumption data from the smart meter during the first year of the project (in a 12-month period
from April 1%, 2013 till March 31%, 2014) have been obtained and used for the analysis.

In order to assess the flexible loads for shifting, first, an in-depth household survey was carried out. Household’s
characteristics (personal, socio-economic data of family members), number of appliances, time of use and daily
usage habits have been found out during the survey household survey. In particular, the number, type, power of
home appliances, usage frequency, the exact use of the time during the day, as well as specific usage habits and
modes were among the main issues clarified during the questionnaire. The residents’ activities and occupancy
profiles were differentiated between weekdays and weekends, as well as summer and winter time. Distinguishing
between weekdays and weekends, as well as summer and winter time, was chosen in order to evaluate what similar
and different aspects can be observed based on the type of day, or season of the year and how associated people’s
activities and behaviour can affect the pattern of electricity use. Since the task of our research was to assess possible
load shifting from the peak times to off-peak times, during the interview it was found that two households
appliances — washing machine and dishwasher — are suitable for load shifting. This household uses the washing
machine twice a week (2 times on Thursdays) between 9:00 till 18:00. The dishwasher is used almost every day —
every weekday at 12:00—14:00 and once every other work day between 24:00—2:00. For the purpose of our study,
we used a similar approach for efficient load shifting to minimize peak loads as described in [28-29; 32—34]. For
this purpose we will compare the household’s daily load curve with typical Latvian daily curve. In case of load
shifting for the washing machine we compared Latvian daily curve with the household’s average load curve on
Thursdays in a selected winter month January and selected summer month July. Similarly, the average load curve on
weekends in January and July was chosen for dishwasher load shifting. Figure 1 presents a comparison of load for
investigated household with typical Latvian consumption.

As it can be seen from Figure 1, the studied household’s electricity consumption curve is only partially
comparable with the typical Latvian consumption curve. The typical “peak consumption” in Latvia falls within the
time periods from 6:00 to 8:00 and from 17:30 to 21:30 [35]. Higher “peaks” are on evening hours in winter [30]. In
the liberalised electricity market, electricity in Latvia is traded on the basis of hourly consumption. The typical load
distribution curve is calculated based on the percentage distribution of the total daily energy consumption that is
calculated taking into account system load data. All consumption curves show higher “peaks” on evening hours in
winter. The weekend morning “peaks” can be observed in later hours of the morning (starting from 9:00) than on
weekdays (starting from 7:00). Looking to the smart metering data obtained from the studied household for January
and July (see dotted curves in Fig. 1 a) and Fig 1 b)), differences can be observed regarding washing machine usage
on Thursdays. Looking at the data, it is most likely, that in January the washing machine is used from 15:00-18:00.
It is quite difficult to predict usage in July however, because several “peaks” occur in the time period between 9:00
—17:00.
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Fig. 1. Studied household consumption curve compared with typical daily curve in Latvia: a) working days; b) weekends.

As mentioned previously this household uses their washing machine twice a week (2 times on Thursdays). The
capacity of the washing machine is 2.2 kW, and an average electricity consumption of washing machine per cycle
can be estimated at 1.24 kWh. Hence, we calculated that the average consumption for shifting is 2.48 kWh. We
propose to shift the washing machine load to 14:00—16:00 in the winter and to17:00—19:00 in the summer. The
dishwasher is used almost every day — every weekday at 12:00—14:00 and once every two work days from
24:00—2:00. As revealed in the interview, the household has already been using the opportunity to delay start for the
dishwasher to 24:00—2:00 on work days. Consequently, the dishwasher load shifting to another time on work days
was not evaluated within this study. The capacity of the dishwasher is 2.2 kW and the average electricity
consumption of the dishwasher per cycle can be estimated 1.06 kWh/cycle. The average dishwasher consumption of
1.06 kWh is proposed for shifting to 14:00—16:00 in the winter and to 19:00-21:00 in the summer. The results of

load shifting are presented in Figure 2.
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Fig. 2. Load profiles before and after peak load reduction on: a) working day (Thursday); b) weekends (Saturday, Sunday).

It can be seen that household load curves are evened out due to estimated peak load reduction of the washing
machine and dishwasher. In case of dishwasher load shifting in the winter on weekends it was not possible to reduce
evening peak consumption (at 19:00—20:00), because the dishwasher is used in the afternoon. It was possible to shift

the load to the later afternoon time, but this does not reduce evening peak.
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In order to assess load shifting efficiency, we implemented the algorithm for load transfer to off-peak hours
found in Dlamini and Cromieres [31]. The purpose of the shifting algorithm and equations are described in section
2.2. Table 1 shows a summary of load shifting algorithm implementation on the household aggregate load.

Table 1. Effect of algorithm implementation on aggregate load [31].

Before load shifting Loa(.i- P e'ak load
Appliance (levelling) After load shifting (levelling) ~Jevelling  ratio (PLR)
effect (LLE)
Lmax Lmin Lmax Lmin
Washing machine (winter) 0.08133 0.03028 0.06893 0.02120 1.210535 0.847535
Washing machine (summer) 0.08663 0.03203 0.06563 0.02003 1.211463 0.75759
Dishwasher (summer) 0.07666 0.01683 0.06759 0.01683 0.881685 0.881685

As dishwasher load shifting in winter did not result in reduced maximum load (i.e., evening peak load) the LLE
and PLR for this particular case were not calculated. As it can be concluded, washing machine load shifting in the
summer shows the higher peak consumption reduction with PLR = 0.76. It indicates that peak load can be reduced
by 24 %. In case of washing machine load shifting in the winter, it is possible to reduce losses by 15 %, but in case
of dishwasher load shifting (summer) a reduction of 12 % can be observed.

4. Conclusions and discussion

The purpose of the study was to analyse electricity consumption for one four person family household. This
household is participating in a recent smart metering project in Latvia. The household survey was carried out with
the aim to obtain information about household characteristics (personal, socio-economic data of family members),
number of appliances, time of use and daily usage habits. The load shifting algorithm based on the recent study was
applied to two appliances in the household: washing machine and dishwasher. In the study it was found that
significant peak load reduction of at least 24 % and 13.5 % can be reached due to washing machine and dishwasher
load shifting, respectively. Appliance load shifting is a reasonable way for reducing peak consumption. Our results
show higher peak load reduction as in Dlamini and Cromieres study [31] (reduced by at least 6 %), but lower results
as in Caprino et al. study [32] (up to 46 % reduction) and Nghiem et al. study [33] (reduction by about 40 % or
more).

However, the results imply that load shifting can be achieved only by changing user behaviour. Therefore, the
main challenge is to develop appropriate demand management and customer education programs that are targeted
towards reducing or changing patterns of electricity use in the household. The main question would be how to get
people’s attention to start using appliances at off peak times when the electrical network is less loaded. Many
factors, such as, interruptible loads, time of use elasticity and user willingness to refuse impulsive use of appliances,
contribute to the peak load reduction. By increasing customer awareness and participation in demand management,
it is possible to spur demand side flexibility much more effectively.
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